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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

Are a circuit for controlling mutual conductance (gm) and common mode output current of a rail 
rail input stage of an operational amplifier, and the aforementioned input stage 1 . Output 

terminal, a transistor (M1-M4) to which each has gate voltage and tail current ~ at least N type 
and P blocking power differential pair, [ have and ] Said operational amplifier has low, middle, 
and the common mode input voltage field containing high common mode input voltage, The 1st 
current switch (My-Mg) that has one gate combined to N blocking power differential pair of a 
transistor (M1-M2), The 2nd current switch (Ms-Me) that has one gate combined to P blocking 
power differential pair of a transistor (M3-M4), A voltage means combined to the aforementioned 
current switch (Ms-Mg) in order to give a standard and bias voltage to a gate of the 
aforementioned current switch (Ms-Mg), — and ~ the aforementioned current switch 

(Ms-Mg) compares common mode input voltage of a difference input pair (M1-M4) with current 
switch gate voltage, and this activates at least one of difference input pairs (M1-M4). A circuit for 
controlling mutual conductance (gm) and common mode output current of a rail rail input stage 
of an operational amplifier. 

2. In order that it may be a circuit given in Claim 1 and the aforementioned current switch (Ms- 
Mg) may maintain fixed common mode output current, A circuit for controlling mutual 
conductance (gm) and common mode output current of a rail rail input stage of an operational 
amplifier which answer changing common mode input voltage. 

3. When it is a circuit given in Claim 2 and low and high common mode input voltage are 
impressed to an input stage, . The aforementioned current switch (Ms-Mg) divides tail current of 
a non-activity difference input pair into two equal current signals, and tum these current to an 
output terminal of an input stage. A circuit for controlling mutual conductance (gm) and common 
mode output current of a rail rail input stage of an operational amplifier. 

4. When it is a circuit given in Claim 3 and middle common mode input voltage is impressed to 
an input stage, A circuit for controlling mutual conductance (gm) and common mode output 
current of a rail rail input stage of an operational amplifier which the aforementioned current 
switch (Ms-Mg) adjusts tail current of activity input pairs, and tum these current signals to an 
output terminal of an input stage. 

5. It is a circuit given in Claim 4, and an aforementioned current switch (Ms-Mg) and said input 
pairs (M1-M4) are the combination of a bipolar transistor and a CMOS transistor. A circuit for 
controlling mutual conductance (gm) and common mode output current of a rail rail input stage 
of an operational amplifier. 

6. Additional MOS transistor (M1-M4) which is circuit given in Claim 5 and was combined 
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further to current switch (Qs-Qs), In order to give a standard and a bias vohage signal to the 
aforementioned additional MOS transistor (M1-M4), A vohage means combined at a gate of an 
additional MOS transistor (M1-M4), ****** — and ~ noise in an input stage started by a current 
switch (Qs-Qg) of the above [ the aforementioned additional MOS transistor (M1-M4) ] and offset 
contribution are removed. A circuit for controlling mutual conductance (gm) and common mode 
output current of a rail rail input stage of an operational amplifier. 

7. Are a circuit given in Claim 4 and the aforementioned voltage means gives voltage difference 
between gates of the 1st current switch (My-Mg) and the 2nd current switch (Ms-Me). A circuit 
for controlling mutual conductance (gm) and common mode output current of a rail rail input 
stage of an operational amplifier. 

8. Are a circuit given in Claim 7 and impression of voltage difference between gates of the 
aforementioned current switch (Ms-Mg), A value of the aforementioned current switch (Ms-Mg) 
is enabled to become small to the aforementioned input transistor (M1-M4), And a circuit for 
controlling mutual conductance (gm) and common mode output current of a rail rail input stage 
of an operational amplifier which reduce noise and offset contribution to an input stage by the 
aforementioned current switch (Ms-Mg) by that cause. 

9. Resistance combined between current switch (Qs-Qg) of fiirther the above [ a circuit given in 
Claim 4 ], and aforementioned input differential pair of transistor (Q1-Q4) (Rs-Rs), When 

and the aforementioned resistance (Rs-Rg) lower mutual conductance (gm) of the aforementioned 
current switch (Qs-Qs), A circuit for controlling mutual conductance (gm) and common mode 
output current of a rail rail input stage of an operational amplifier which reduce noise of a current 
switch (Qs-Qg), and offset contribution. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Field this invention of background this invention of rail rail input stage this invention which has 
regularity gm and fixed common mode output current relates to an operational amplifier. This 
invention relates to the rail rail input stage which has fixed mutual conductance and fixed 
common mode output current in detail. 

A conventional technology r ail rail input stage may comprise parallel N type and a P type 

transistor. 

When such common mode input voltage of an input stage moves to another portion from a part 
of common mode input area, mutual conductance changes to two times. Since the simple interest 
profitable frequency of an amplifier is proportional to the mutual conductance of an input stage, 
this bars the best compensation. In order to obtain the best compensation over all common mode 
input areas, the mutual conductance of an input stage must be constant. (Issue in December, 
1985) "Low- Voltage oprational by IEEE magazine Solid-State Circuits, vol.SC-20, page [ 1 144- 
1 150th ] J.H.Huijsing, and D.Linebarger. amplifier with rail-to-rail input and output ranges") 
Some of other methods for controlling mutual conductance are reported also to bipolar 
technology like the CMOS technology. To the complementary-type input stage designed by 
BAIPORA, in order that a current switch may obtain fixed mutual conductance, it is used. (Issue 
in December, 1985) "Low- Voltage oprationalamplifier by IEEE magazine Solid-State Circuits, 
vol.SC-20, page [ 1 144-1 150th ] J.H.Huijsing, and D.Linebarger. with rail-to-rail input and 
output ranges") 

The 4,555,673rd item of a United States Patent specification by Huijsing etc. is indicating the 
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differential amplifier which has rail rail input capability and the controlled mutual conductance. 
A common mode voltage draws at least a part of supply current at least from one side of the 
differential portion of an input stage, when [ of a supply area ] it is inside in part at least, and for 
last reason, current control or a current switch is used for the method used in order to control this 
mutual conductance. 

When operating by reversal with a strong CMOS complementary-type input stage, fixed mutual 
conductance can be obtained by use of a square root circuit or a 3 time current mirror. 
(Proceeding ISCAS93.) "A low- voltage CMOS opera-tional amplifier with rail-to-rail constant- 
gminput by Botma of the 13 14-13 17th pages of **, J.H., etc. stage and class-AB rail-to-rail 
output stage", Proceeding. "CMOS low-voltage operational amplifiers with constantgmrail-to-rail 
by page [ 2876-2879th ] Hoger-vorst of ISCAS92, R., etc. input stage." And Digest pubHshed in 
February, 1994. R.Hogervorst of ISSCC94, J.P.Tero, R.G.H.Rschauzier, and "A compactpower- 
efficient rail-to-rail by J.H.Huijsing. ") As opposed to the CMOS complementary-type input 
stage which operates by weak reversal, In order that a current switch may obtain fixed mutual 
conductance. It may be used (** 501-504 of vol.SC-25 of IEEE magazine SoHd-State Circuit of 
the December, 1990 issue "Arail-to-rail according to M.D.Pardoen of a page, and 
M.G.DeGrauwe.). input/output CMOS power amplifier." 

The above-mentioned complementary-type input stage has a common fault (that is, the common 
mode output current of input pairs changes). These current burdens a sum total circuit with load, 
and it changes as a function of common mode input voltage. As a result, the bias current in a sum 
total circuit changes. This change is nonpermissible in some different Reasons at a ** sake. An 
operational amplifier may need the source of a floating current, and it. Generally, It is difficult to 
design (Digest issue in February, 1994.). R.Hogervorst of TSSCC94, J.P.Tero, R.G.H.Rschauzier, 
and "A compact power-efficient rail-to-rail by J.H.Huijsing. input/output Amplifier for VLSI cell 
libraries." Offset contribution of the sum total circuit to the input of an operational amplifier 
changes, and it becomes reduction of a common mode rejection ratio. Since a passage is added 
each time in order to cope with the bias current in a sum total circuit to change, multipath 
compensation can become very complicated and the sum total of an input transistor must be 
made into two times. Especially to a rail rail input stage, this becomes comparatively large area 
consumption. 

This invention provides the rail rail input stage which overthrows the fault of the solution to and 
has fixed mutual conductance and fixed common mode output current, 
the outline of this invention — it is the purpose of this invention to provide the circuit for 
maintaining it, therefore the common mode output current and mutual conductance of a rail rail 
input stage of an operational amplifier to constant value. 

In order to promote the bias of the sum total circuit connected to the input stage, it is another 
purpose of this invention to provide the circuit for maintaining uniformly the common mode 
output current of the rail rail input stage of an operational amplifier. 

As the sum total circuit connected to the input stage does not contribute to offset change of the 

amplifier, what the circuit for maintaining uniformly the common mode output current of the rail 
rail input stage of an operational amplifier is provided for is the purpose of this invention of 
being one more further. 

Other purposes of this invention are to provide the circuit for maintaining uniformly the common 
mode output current of the rail rail input stage of an operational amplifier, and for this to increase 
the common mode rejection ratio of the amplifier. 

Another purpose of this invention is to provide the circuit for maintaining uniformly the common 
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mode output current of the rail rail input stage of an operational amplifier, as realization of a 
multipath compensation operation amplifier is simplified and only few silicon die areas are so 
needed. 

It is another purpose of this invention to provide the circuit for maintaining uniformly the 
common mode output current of the rail rail input stage of an operational amplifier which 

operates efficiently and certainly. 

This invention provides the rail rail input stage which has fixed mutual conductance and fixed 
common mode output current. The current switch is combined to each and the voltage source of 
input pairs of the transistor. The voltage source gives a standard and a bias signal to the gate of a 
current switch. When common mode input voltage is impressed to an input stage, those current 
switches determine which input pairs must operate input vohage [ the value of a voltage source ]. 
When activating input pairs, those current switches take the tail current of a non-activity pair, 
and it is divided into two equal portions, and those two equal current signals are tumed to an 
output terminal. The output current received in this way by the sum total circuit connected to the 
input stage is constant. This control circuit may be materialized using MOS, CMOS, and bipolar 
technology. 

In another working example of this invention, the voltage source connected to the current switch 
applies voltage difference to the gate of a current switch. Application of the voltage difference to 
the gate of this current switch enables mutual conductance of a current switch to become small to 
the value of input pairs at a transistor. By reducing the mutual conductance value of a current 
switch to input pairs, the noise to the input stage started by addition of a current switch and offset 
contribution are reduced substantially, and almost is removed. 

The other purposes and the features of the brief explanation of the drawings this invention will 
become clear from the following detailed descriptions considered together with the Drawings of 
the attachment which indicates some working example of this invention. However, those 
Drawings being designed only for the purpose of an illustration, and not being designed as a 
definition of the limit of this invention should be understood. 

In Drawings, the similar reference mark expresses the similar element through some Drawings, 
Drawing 1 is graph Drawings of the input stage of the operational amplifier of conventional 
technology, and drawing 2 is graph Drawings of the rail rail input stage which has fixed common 
mode output current by this invention, Drawing 3 is graph Drawings of the fixed mutual 
conductance rail rail input stage which has fixed common mode output current by this invention, 
Drawing 4 is the graphic representation of the normalization mutual conductance to common 
mode input voltage to the circuit of drawing 3. Dra\A_j_ngj)_ a is a BiCMOS mode of a fixed 
mutual conductance rail rail input stage which has fixed common mode output current by this 
invention, Drawing 5 b is a bipolar mode of a fixed mutual conductance rail rail input stage 
which has fixed common mode output current alternative to being based on this invention, They 
are graph Drawings of the CMOS fixed mutual conductance rail rail output stage which drawing 
6_operates by strong reversal, and has fixed common mode output current by this invention, 
Drawing 7 is the graphic representation of the normalization mutual conductance to common 
mode input voltage to the CMOS mode of the circuit of drawing 6 w hich has an input stage 
which operates by strong reversal. Drawing 8 is the graphic representation of the normalization 
mutual conductance to common mode input voltage to the circuit of drawing 6 w hich has input 
pairs which operate by strong reversal, . Drawing 9 h as the fixed mutual conductance and fixed 
common mode output current by this invention. They are graph Drawings of the CMOS rail rail 
input stage which operates by strong reversal. Drawing 10 is the graphic representation of the 
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normalization mutual conductance to common mode input voltage to the circuit of drawing 9 , 
Drawin g 1 1 is graph Drawings of another working example of the rail rail input stage by fixed 
mutual conductance which have fixed common mode output current by this invention, Drawing 
12 is graph Drawings of working example instead of [ of the circuit of drawing 1 1 by this 
invention ] the 1st, and drawing 1 3 is graph Drawings of working example instead of [ of the 
circuit of drawing 1 1 b y this invention ] the 2nd. 

Detailed written drawing 1 of suitable working example shows an example of the input stage of 
the operational amplifier of conventional technology. Like a graphic display, this input stage has 
a rail rail common mode input area which may comprise two complementary-type difference 
input pairs. This input stage comprises N channel input-pairs M1-M2 and P channel input-pairs 
M3-M4. Such a common mode input voltage field for input stages may be divided into three 
portions, (1) There are low common mode input voltage (only the P channel input pairs operate), 
(2) middle common mode input voltage (a P channel and N channel input pairs are both 
operations), and (3) high common mode input voltage (only the N channel input pairs operate). 
When moving to another portion from the portion whose common mode input voltage is one of 
the common mode input areas, mutual conductance changes to two times. Therefore, since the 
simple interest profitable frequency of an ampUfier is proportional to the mutual conductance of 
an input stage, change of mutual conductance bars the best compensation. So, in order to obtain 
the best compensation over a total common mode input area, the mutual conductance of an input 
stage must be constant. 

With addition of the output current control circuit 22, drawing 2 shows complementary-type 
input stage Mi - M4. The output current control circuit 22 is 7for m - Mg, and Ms-Me of a 

complementary-type current switch. 

Bias of the gate of N channel current switch My - Ms is carried out with the value of Vss+Vicf, 
and, on the other hand, bias of the gate of P channel current switch M5 - Me is carried out with 
the value of Vss+Vref+-Vdif. 

Current switch M5 - Ms determine whether, as compared with each one of of those gate voltage, 
which input pairs must be activity about common mode input voltage. To the common mode 
input voltage above Vss+Vref, N channel input-pairs Mi - M2 are activity, and, on the other hand, 
P channel input-pairs M3 - M4 are activity to the common mode input voltage below 

Vss+Vre^Vdif. 

When input pairs are activity, it divides the tail current of input pairs into two equal common 
mode current, and turns those current to an output terminal. When input pairs are not activity, a 
current switch divides the tail current of non-activity input pairs into two equal portions, and they 
are turned to an output terminal after that. As a result, the common mode output current of an 

input stage is constant over a total common mode input area. 

An input stage loads a sum total circuit with common mode current. As a result, the bias current 
in the sum total circuit does not change. So, a sum total circuit does not contribute to offset 
change, when common mode input voltage sways from a rail rail. This serves as increase of the 
common mode rejection ratio of an input stage. It should be warned that the mismatching of each 
set of current switch M5 - Mg contributes to offset change of an amplifier. This contribution may 
be made small by making the value of current switch M5 - Mg very smaller than the value of 
input transistor Mi - M4. The fixed bias current in a sum total circuit also permits easy realization 
of a multipath compensated amplifier. 

Drawin g 3 shows the bipolar mode of the circuit of drawings 2 - With the difference by which 
voltage source Vdif was made equal to zero, the circuit 30 has a control circuit of the control 
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circuit 22 ( drawing 2 ), and a similar control circuit. As it is, the common mode output current of 
an input stage not only has constant value, but mutual KONDAKUTANHI is adjusted by 
constant value. This circuit is drawn using the bipolar transistor, however it may be used also to 
the CMOS input stage which operates by weak reversal. Current switch Q5 - Qg maintain 
uniformly the sum total of the tail current of input-pairs Qi - Q4. Probably, the mutual 
conductance of rail rail input stage Qi - Q4 will also be constant since the mutual conductance of 
a bipolar transistor is proportional to the tail current of that. The collector of transistor Q5 - Qe 
may be connected to a negative supply, and, on the other hand, the collector of transistor Q? - Qg 
may be connected to positive supply Vcc. Although this serves as un-fixed common mode output 
current, mutual conductance is still controlled uniformly. 

In order to understand operation of this circuit, the common mode input area of this circuit is 
divided to three portions. 

1) When low common mode input voltage is impressed, only PNP input-pairs Q3 - the Q4 
operate. PNP current switch Q5 of the control circuit 32 - Qe are off between flows of NPN 
current switch Q7 - Qg. As a result, bias of PNP input-pairs Q3 - the Q4 is carried out by tail 
current Iri, and the current has a value of W PNP input-pairs Q3 - Q4 divide tail current Iri of 
that into two equal common mode portions, and turn those current to the output terminal of this 
input stage. NPN current switch Q7 - Qg carry away tail current Ir2 in which this also has a value 
of Iref from non-operating NPN input-pairs Qi-Q2- NPN current switch Q? - Qg also divide tail 
current Iri into two equal common mode portions, and these current is turned to an output 
terminal. 

2) When middle common mode input voltage is impressed, NPN input-pairs Qi - the Q4 operate 

simultaneously with PNP input pairs, and current switch Q7 - Qg carry away a part of tail current 
1,1 and 1,2 . When common mode input voltage increases, the current which passes along current 
switch Q5 - Qe also increases. However, the current which passes along other vforQof a current 
switch - Qg decreases as it is the same. As a result, the sum total of tail current Iri - Ir2 is 
maintained by the value of Iref. Since tail current Iri - Ir2 pass along either current switch Q5- 
Q6;Q7-Q8 or input-pairs Qi-Q2;Q3 - Q4 and it is turned to an output terminal, common mode 
output current does not change, either. 

3) When high common mode input voltage is impressed, only NPN input-pairs Qi - the Q2 
operate. PNP current switch Q5 - Qe flow between OFF of NPN current switch Q7 - Qg. As a 
result, bias of NPN input-pairs Qi - the Q2 is carried out by tail current Ir2, and the current has a 
value of Iref. NPN input-pairs Qi - Q2 divide tail current Ir2 into two equal common mode current, 
and those current is turned to an output terminal. PNP current switch Q5 - Qe carry away current 
Ir2from non-operating PNP input-pairs Q3-Q4 , and it is divided into two cqual portions, and those current is 
turned to an output terminal. 

In this way, it can come to a conclusion that the common mode output current of an input stage is 
constant. It totals, tail current Iriof input-paiis Qi - Q4 - hi reach, and, so, the mutual conductance of a 
rail rail input stage is adjusted by constant value. 

Drawing 4 shows the graphic representation of normalization mutual conductance gm to common 
mode input voltage to the circuit of drawing 3 . Mutual conductance gm is almost constant over a 
total common mode input area so that this graph may show. 

Drawing 5 a shows the BiCMOS mode 50 similar to the circuit 30 shown in drawing 3 . The main 
differences between the two circuits 50 and 30 are in the noise of current switch Q5 - Qg, and 
offset contribution. In drawin g 3 , current switch Q5 - Qg divided into two equal portions the 
portion of the tail current which is not used for signal amplification. Since these current switch 
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Qs - Qg are bipolar transistors, they have mutual conductance equivalent to the mutual 
conductance of input transistor Qi - Q4 . As it is, current switch Q5 - Qg contribute to the noise of 
an input stage, and offset. This problem may be overthrown in BiCMOS as shown in drawing 5 
a- In draw i ng 5 a, the current which passes along current switch Q5 of the control circuit 52 - Qg 
is divided by MOS transistorMi - M4. In this method, MOS transistorMi - M4 contribute to the 
noise of an input stage, and offset instead of bipolar current switch Q5 - Qg. By giving mutual 
conductance very smaller than bipolar current switch Q5 - Qg to MOS transistorMi - M4, it may 
enable it to disregard this contribution and it may be attained easily. Although this same art may 
be applied also in a CMOS technology, additional MOS transistorMi - M4 must have a W/L ratio 
very smaller than current switch Q5 - Qg. 

Drawing 5 b shows the bipolar mode instead of the circuit shown in drawing 3 . This circuit 
contains rail rail input stage Qi - Q4, and current switch Q5 - Qg. These current switch Q5 - Qg are 
degenerating by resistance R5 - Rg. These resistance R5 - Rg lower effectively the mutual 
conductance of current switch Q5 - Qg, and, as it is, they reduce the noise of current switch Q5 - 
Qg, and offset contribution. In order to obtain fixed mutual conductance, voltage source Vls must 
have a value of O.SxIrefxRs. 

Drawing 6 shows the CMOS mode 60 of the circuit 30 of drawing 3 . As shown in the case of the 
bipolar transistor of drawing .3, vohage source Vdif is zero. First, the W/L ratio of transistor M5 - 
Me, and transistor M7 - Mg will assume that it is equal to the W/L ratio of input transistor Mi by 
which bias is carried out by weak reversal - M4. This circuit operates like that (drawing 3 ) to 
which now BAIPORA of that corresponds, and the mutual conductance of an input stage is 
constant over all common mode input areas. 

In operating by reversal with a strong input stage, the mutual conductance of input transistor Mi 
- M4 is proportional to the square root of the W/L ratio of input transistor M 1 - M4. 
Since mutual conductance control maintains uniformly the sum total of the tail current of input- 
pairs Ml - M4, the mutual conductance gm changes about 40% over a total common mode input 
area ( drawing 7 ). When common mode input voltage is equal to the bias voltage of current 
switch M5 - Mg, the peak value of mutual conductance gm arises. In this input voltage, the tail 
current of input-pairs Mi - M4 is equal to O.SW. 

By enlarging the W/L ratio of transistor M7 - Mg, and transistor M5 - Mg 3 times rather than input 
transistor Mi - M4, this input stage may improve to operation by strong reversal. Although this 
input stage works by the same method as the circuit of drawing 3 fundamentally, in the omitted 
portion of a common mode input area, this circuit carries out slightly different operation. When 
common mode input voltage is equal to the bias voltage of current switch M5 - Mg, the current 
which passes along current switch M5 - Mg is 3 times as large as the current of input-pairs Mi - 
M4. As a result, the tail current of input-pairs Mi - M4 becomes the mutual conductance gm equal 
to 0.25Iref and same in the lateral part of a common mode input area. 
(Refer to drawing 8). 

Drawing 8 shows normalization mutual conductance gm to a common mode input voltage field to 

the circuit of drawing 6 which operates by strong reversal. Current switch M5 - Mg have 3 times 
as large a W/L ratio as input transistor Mi - M4 ( drawing 6 ). From this graph, it can come to a 
conclusion that mutual conductance gm changes about 17% over a full-common input voltage 
field. 

Drawing 9 shows the circuit 90 which can be obtained when the same result suits voltage 
difference between the gates of current switch M5 in the control circuit 92 - Mg. This bias voltage 
source and this voltage source Vdif are realized by transistor M9 and transistor Mio. aspect ratio 
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****** which is different in these transistor M9 - Mio in this way ~ the vohage difference 
between the gates of current switch M5 - Me, and current switch My - Mg is made by things. The 
main advantages of this solution are that worth of current switch M5 - Me, and [ current switch 
M7 - Mg ] may be made small as compared with input transistor Mi - M4. 
There is a tendency for it to reduce the noise of current switch M5 - Mg and offset contribution. 
Moreover, this offset voltage change can extend over the large portion of the common mode 
input area which increases a common mode rejection ratio. Drawing 1 0 shows normalization 
mutual conductance gm to a common mode input area to the circuit of drawing 9 . From drawing 
10 . it can come to a conclusion that mutual conductance gm changes about 19% over a total 
common mode input area. 

Drawing 1 1 shows the rail rail input stage which has the fixed mutual conductance and fixed 
common mode output current for multipath compensated amplifiers. This circuit comprises rail 
rail input stage Qi which has fixed common mode output current - Qg, and sum total circuit Q9- 
Q16 which has two or more output terminals. Two or more of those output terminals may be used 
for multipath compensation of an operational amplifier. It is used for accumulating the profit 
passage in the low frequency passage which has high gain, and, on the other hand, those 
multipaths may be used for a low interest profitable high-fi-equency passage. The signal of input 
stage Qi - Qg is pulled out fi-om transistor Qn. Since input stage Qi - Qg have fixed common 
mode output current, the current of transistor Q15 - Qie also has constant value. So, additional 
input pairs are not required. 

In some application, the excessive noise of a current switch and offset contribution are 
nonpermissible. Modification as shown in drawing 12 in these cases may be used. In this circuit, 

bias only of muUipath transistor M17 - the M20 is carried out with a fixed current level. This has 
the same advantage as drawing 1 1 (that is, additional input pairs are not required). Since control 
transistor Q5 - Qg moreover are not connected with a main signal passage, there are no additional 
noise and offset by control transistor Q5 - Qg. Note that bias of this sum total circuit M9 - the M14 
is carried out from source of floating current Ir3. 

Drawing 13 shows the application which does not need the source of a floating current, in order 
to carry out bias of this circuit. Even if the current level in a multipath transistor changes, only 
the quantity with the same sum total (namely, drain current of transistor M21) of the drain current 
of transistor M19 and transistor Mn will change. As a result, a multipath does not have output 
current depending on common mode input voltage, and input pairs additional so are not required 
for it. Moreover, it has the same advantage as the circuit shown in drawing 1 2 (that is, there are 
no additional noise and offset by control transistor or current switch Q5 - Qg). 
Although some working example of this invention was shown and indicated, do without many 
change and modification separating from pneuma and a range of this invention which were 
specified to the attached generic claim must be understood. 



[Translation done.] 
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'tt'^"Wy'^ (Qs-Qs) ^£ ■a- ^ilLKT-ftSn fit ?5: f'«3S ^ ■=? (Mi-M. 

) 

e)t ^2 mifST^-f (Ms-Ms) t^r^ff- y<r^m^n,&^^^~Lh. ^n^^^ 

<^'E.f±:S:(?>Epj3D^^ S^T|Sc:vEiE"^-1■ "/ -5^ (Ms -Ms) <?}^i-;^>^tyK('>A^i ^ 9 > > 
7. (Mi-M<i) t.:xt tT/hSi < ^Sr-aCi tBTB^^tc -^-C- it U i: ffi 1; 
-f ■J' (Ms -Ms) J:-&Atr^t^W'T'&?i-i,'!^CF:t hS^^iSMT 
M^J#i|il?l«l'-^ ■ I'- JWA^^<??ffli:3 >'^'-^' (g„) h^^^ 

9. «^Jl4ie^Wia^:*^llt^, 
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lEEE^f-; Solid-state Circuits^ vo1.SC-20. a^ll^M- 1150g(r>J. H Hiriising 
^XfO^ Linebapger UJ:^ "Lav-Voltage oprational amplifier with rail-to- 
rail input and output ranges" ) 

*i s: 3 > ^' > X 1' $ij lai T K « ^ -c> b-.ct) -n m a ^lo^s ft t m m u ? 

Uitif LT ii . -Y ■f-i^^-feffiS □ > r >- t'f#4> /:iit>izmi'^ h i^T 

^1 „ ( 1985:^ 12 g -^fj (7> , TEEEill^, Solid-State Ci rcuits^ vol . SC-20, ^ ll'M 
~.n50^(7>J, H Huijsing^o^D, Linebarger J: ^-j ■• Lav-Voltage qarational 
atflplifier mtU rail-to-rail input and output ranges" ) 

^ it ti fflBl 13 y r ^' >- 7. 1 1- Si" ^> SS!)it*S§f t F?3^^ L "C '/^ o C <?:>ffli 
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¥:^fiai^Xti = lt«;aiL^ ■?-<^feffli;i:-pT#*>:ii»^-eg:-&o (Proceeding 
ISCAS93 <7>^m4-^1317gcr)Botnia,].H.^t- i:* lav-voltage aiOS opera-t 
lonal amplifier with rail-to-rail constant-g, input stage and class-AB r 
ail-to-rail output stage" Proceeding ISCAS92<7)^2876~.2879g^t7)Hoger- 
vorst. R X i> "CMOS la'^-voltage operational arnplifiers mth constan 
rail-to-rail input stage" 1^.0:1994:^ 2 tc|&lT lL;t:Digest ISSCC94<7> 
R.Hogervorst H.P.Tero^ R.G.H Rschauzier. J.H, Huijsingf- j; "A ccmpac 
tpmver-^fficient rail-to-rail input/output amplifier for MSI cell libra 

lid-state Circuit <7>vd1,SC-25 <ry% 501-^501 i:<7>M.D,Pardoen M.G DeCrau 
J: h 'Arail-to-rail input/output O40S power amplifier" ) ^ 

Sif.^'Ji'^i Lf#T. -Higi;. 5g;ItT*cr)^5S||^^>-& (1394^2 flia 

fjcT) Digest ISSCC94(7) R.Hogervorst, D.P.Tero, R.G.H. Rschauzier. ].H.Huijsi 
ngi; Xh "A compact power-efficient rail-to-rail input/output Ainpliiner 
for \\SL cell libraries" ) „ i^^JSIii-lfc^^At''^^ &^ftIl]IK«^ 7 ■i: 7 N# 

K-SK^t^!kTif^^;c>f^a-, ^iii^igs^^i^ip;iibjt^«T\ '^m:mwMm'^m% 
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« [a 1^ ^-itiJ^T -& i t :!>^ ^-^m «M t.: ^ ^ W i 65 o 
^tlEig^ J: i9^}t^^*i,*,tlit;a-a£ti:-^-eafe^>o :iw^iJ^I!lll^ii^«&, CMOS 
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■^(^M^fk^^y^'J y'^H-t^^m.V.'^^^)^^ fi-T'fJi/vm^^^^'i.-oo 

m a T \t . »'-<7>ia i- t TgSiEl<7? ^ S t T 

0 3 -S-jgitJi^- KffitJ«;i)E^WT'&-ie*|:^3 ^^^^^ ^y"-. 

.'l'AS;g<??ISlst&J'S:[lffl-C* J) . 



5aji $^.|^B^ i; - ^ - K ^ ¥ T & - ielia >- > X 

a 5b{i i: & t) i5 <?? - 5t K m tt m t ¥ -t - 5e4l a ^ ^'^ 

A k - ,'1- - JVAfl ^W-'f-f ■? i^tg-C4> !? , 

aios-^^i :3 >' r ^J- ?f ;^ k— - i' - tii 'S: [a® -c-afe '9 , 
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El 9 !i J: ^-^ -?e*|5 3y^^^'^^>'7.t-€itJiq&- Kdi A»m-^ i: t * 

^ y7.<ry/^y ^ilT-^ i5 , 

o 

<??Afl^a2'li«ffl^3a^J|)A/;j=f'e^5a^it#*k-)V ■ I'-Jl-'^a*- Ka 

Afl^irMj~-M.sS'"66£-pTV^-&o cr)j: 0 !5:Afl^ffl<??^a^- KAflmJBEm 
ii 3 will ? CDjaitJi'^e- KA^jm.S ( P ~f ■'^ ^- )W AA/jtif c^) 

A^j^ ) s (2) 43 M - K A Si ■; BE ( P .'I' ,5l 0= N + ^- .'I' a Sf ?t:*m 

y^mm . .5:u=C3)^±tii-t~ kaatsh (N-t^'^-.'i'AA<^<?><^i!?f^) 
i!j<^i^u, m^^yi'^i'^y7.ii-miMt-ti>^ ttox, j#iiii^«^*ijf#ja 
m.tkm^ i: f#* a, A Ai a<^*l5: ^ > ^- ^ y x s^- < t % 
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^ Ji^^ii^- KAtrl;.(E test LT N-^- ^ * .'l- Atr stMi - Mi ffl^t^-C^ !? , 
-:^Vss + V.ef + Vdff J: !5TW^ii*^ KAfl'EJBEt.:?^ LT(4 P-^- \' ^ovaSi 

■f-Ms - Me ©fti- Atf N > i'' Ml ~- M. ©fit j: 5? ^^-t (- ^ < 1" ■& ^ i 

ig 3 !i [a 2 « iiigi<?> / < -f v its ^* t x & o 0 gi^OfisSfi Vd t ^ 
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7. i(i -S't-* Jt: * T o N 7 > -v X Q 5 ~- cT) 3 k ? fift Blfjg'^lgil^ ? itt# 
T . 1- ^7 >■ v'' X Qr - Qs <?> 3 l' Ji IE'EjS V< c ^^m. ^ itf#-& o ^ it*^ 

■^Qs-Qsiityt'^i^^ ^-(D^^. PNP Ati^rQi-Q. f^r- JUi'SiE I rit-:i: 
i^-'-^ 'f Tx -S-t^tt-msi: T re f<oittl- -?-.<> PNP AtiTtQs - Q.ii-g-lLW 

Qz-QiB'-e>. iii^) T.ef<??fit^^T-&'r- Jl-m-SK I -■2 tiSCfi-Oo NPN m-JS 

2) I^M^a*- KAtjmBE«™^iitr^»^nc{i, PNP A/;?t i IHB^UNPN 

<Ofjttc*tJ* ^tL«>o r-.'^mmiri- IriJi, Wm^W ■:'^Qs -Qs ; 

3) S^jI^^ KASr'S.lIfl^EIiSP^^Lfc^-^tifi:, NPN Afl^-Qi - Q2<?>/jt»^ 
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o PNP ttm;^ -f Q= - Q. 555^^SI|j^ PNP At] j^iT Q J - Q. *3 mm I r 2 1- ilO^ 

■So 

y". KAfl|Ri*t.:fc/'oTfJ^?-Se"(::'ifc-&c 
ig 5a j i s 3 I--: ^ S ft 0 m 30* ^.^ L rz Bi aiOS^ 501- u T o r o El 

ife*o [3 3 m-^X'i' •^•5^Q5 -Qe5!>«-g-tJii|*S»A:<^>U^*.'W^ft!S:i^> 

5ai;^^ftT*.'^-&i: T BiaiOS(-isi.-^TH^? ^i-fi-So 0 5au i3 T . MM 

Il]J^52(7>iti£;<;.'f- -j^-^^Qs - Qgl'ii^mirlSi. t^'f^S K 9 > v^' 7, ?f Mi - Mac J: 

7. Ml ~-M<i 'K- ^miJl^^ ^ -y -f- Qs Qe J: i? ^N#tC ^ y 9" 

i»i::isft$ift#*o i<??ll]c^Jtffl^«osf^tj^-i3v^T^)Jiffl^ft^#-&:^^ 

d-> ? i.'^W/ L it ia ^5: e> '/^o 
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in 6 !4 0 3 «0gS3O<7>aiC6|gtt®^:T^ LT |^i^>o 0 3 <^''^* f v h •? >- X 

- Ms i N ^ y Mt - t WW/ L -tt:*^ pi.-'' E^s-C:'.' 7 T.^^Xi-'^^ 

> X Si ft - K A ^) tSJ*^§B o T - ^ 't-^ ^ <, 

ffiS 3 > r >'X^Ji|!:?&US;ferMi -M,<??T- Jl' It l'-5elc 

t5-o 0 7) o ftJi-t - KAS;l;JBEv5^mi)E -l" y ■f-Ms -Ms cr)/M TT^mJBE t ^ 

V "^^'Mt -Ms N 9 y v^T, ^^Ms -Ms t <0W/ L ibl' aaj ^ X 

^mn'^T^^c ftJi^^ KAtiBBEii^mm-W 7'^M=-Ms«/MT;>^'aJBEi^ 
U^.'■'^■a•^^f4^ m^7~.-{ y^M, -M* ^il-^ffi-ltli^AAr j^Mi -Mi WS-Jit J: i? ii 
Afl^Mi-M.<7>T-.'Umi)itiiO-25i,,,t^L,<, ft 
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(|g|8#M) , 

h 7 ^'v "^?^Mi i: i5 ^ 3 ft:*C§'.'^W/LJ:t^fl" tT«.'^« (06) o ^'^^ 

ig 9 iif^ l:.|SI^^^^Jf[!|^f^92|^(r,'l;-|i£"W '^^M^ -MsC^)^- ^ ^limHS^- 
M'S^I- >L t J: t# ^> .1 1 i « IUg|90l'^ L T '.^ -& o .I<^ ^ 1* T ^ ffijEEf^ 

M- - Ms i <Dm ttfl5 At? f 7 > > 7. Ml - t itm t T/■J^ ^ < ^ i 

H ^:Jt> S h . ft % W^Sii^ !4 ^SifiJftiS llT^tM^ WA: J^) S '^^ 

Aflg:Qi--Q*«il-ti4 b'7>v7.:?Qijn--%?|§aiSift*o A^S 
Qi - Qsfl^— Jgro^ii^- KtiiArS'Jit^fl'T'&W-e, h v >' Qi 5 - Qi6<?> 
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T7.^^t^->o i li- sunlit in tfiJ.'S^WT^-^ (1-'5:t>^#i)0&5'S:A/;?irv!>^'J>:>S"C- 

Mi9 1 h v >■ y X ?f Mi7 1 « K k ^ ynm.<D'^%\ (T=5r fc*. N 7 >■ M2 1 <?> 

U^ff T tiJ WiSil- ^ ^ t^. S.^'^ *t (.: ft Jq K iiA-jjnti^^^W^'^Ji ^<r> 
±v ^- ji IS12 1 ^ it/i i 1^ C f y,"^. «• ^ L T (1-'S-bfe. fya h ? > 
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PCT/IB 97/00195 





IPC6: Hd3F 3/4S 

AMMiiiiiit m Imtiiwiririiii P<Hiii,Clt«in<mi»ii ilfCl mr lo S»Ui miiiBul lilaiiflaiaM tw iPC 

B. FIELDS SEj\aCilEK» 

lPC6i Hi>3P 

POEiHWittUim «ir<nM olw- tlDin nnniMUn dotammliliiiii so ll9F trtxal thM Kiid!! daEomiiu wt 'v^vSni fa the fidfa nKsind 

S£j|]«,FI,KO claites a;s above 

Eburniie ilaa bXK OHIIIllleil tlKing tfu JmrnKlAsa mucli (nuu ardltz bg» n-iil. vAxn sranijiiuiii. mndi ttrni Hid) 



IMDDC. KPTL. INSPEC 



C D0CUM>:MTSCOhlSIDERBOTGBBRELi!VA?in- 



ttdcvjHt iffl dun Nqi 



US SS6i3^ A <R. KOGERVmST ET AL.). 
1 October 1396 (01. ID. 96), figure Zb 



IEEE Imcrnational Synposlun cn Circuits and Sys^taivs 
Pr(K«etl1ngf/IEE£ Xntemattonai Syafto^iuin «fi Circaibs 
and Sy$tens. 199S, Seattle, Ua^ingUin, USA, 

30 - H«y 3. 199&. p. 1S44-1&47» 
Iton Kogwvorst at a1: "A programnable 3-V CHOS rai1> 
tvraii Qpmp Nitb girtn boosting fof driving heavy 
rasi stive loads", see figure 2, paragraph II 



1-5.7 



P)!) s uitticr (kKumentt ae tuisi in tk« csnmiiiUlnn «r Sox C £« sotciu lamii^ vin«it . 



trJhr ibK^nfit lt4 puHislKdim w odllrllKfirtinialiHial fl^(4Kuc 
't.' 4r!«[c^t 4Ddt Kirov d«Ans futHlffihffljifflfAwuAtfin If 



T* l4teflSgtl)liiiail?iailbScda6rt1*ffmini|iiaiiiiiJ (KfiHijutriintnlj 
tol»iin4Tiiilij>Miia« »Di[it)^((jtlini CuoMbuiUnuut 

'TC ianmn^crfpM<MiirnBevinwUM(a«llBAdi4nA*mcuaolfac 





13-10- as? 


EG55. 42 STOCKi'lOLM 
Fae9sni3c Nn. -i' 4« S 6^16 DZ 96 


Eva <}d(!erinark 
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INTCItKATiO(^AL5EA1K.|I HKPORT 




C iCemmjmmt*. OOCVMtttn WNSiD^RED TO HE K.ELEVANT 




Ciuimn of dbranent, nWi tndkotlen. whwi; appnqtriaie. of Ihe f deiuiit jiainigm 


itdcvasjt to daim Na. 


X 

X 

A 


IEEE tnternatioiMl Synpasliin on CliruUs and SysUnc 
Prceeedingi/IECE Internatfonal Sj^nposium on Circuits 
ami Sjttems lEEEClrcuitc and S)iteo£ iiociety, 
Hex y«rt( IEEE 1953, p. 28^2879, don Hoosiwst 
ot al; "CWiS Uft»-VOl.TAGE aPERATKWM. AHPLIHERS 
«nH CONSTAMT-en RAIL-TOHWIL IMPOT SAfiE", 
see figur* 2. pnrB^ajih <clted fa the 
appliution) 

IEEE TB/INSACTIOHS CM CIRCUITS m SVSTetS-l: 
FUNDAnefTAt. THEORy AMD lUVLICAnCMS.wil. 4Z, 
No. 11, Mwenber 199S, p. 841 -«52, .iahan H. 
Huijsing «t al: "Lair-{>tHfflr LoH-Voltage VLSI 
Operationil Anpllflw Calls", 
see figures 

IEEE Internati<ina1 Synposiun m Circuits 

and Systems Pro=eeEKngs/IEEE Internatlcinal 
{jmpoilun mi Circuits and Systems 1993 
mcaqo, IL. May 3-6, 1393, p. Hii-UA6, 
Johan H. HQljsing eft a1: "uni-V<}L.TA^ LQM- 

US 5371474 A (R.F. MSSEWAR £ ALJ, 
e Dttenber 1994 <0G.I£.94), figm-e 8 


1-S,7 

1-2 
1 

I 




All w (toaunufLiiHi »s mmih «)c«I! iJuI^ i wij 
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